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(57) ABSTRACT

The main objective of present invention is to provide a manu-
facturing method of light emitting diode that utilizes metal
diffusion bonding technology. AllnGaP light emitting diode
epitaxial structure on a temporary substrate is bonded to a
permanent substrate having a thermal expansion coefficient
similar to that of the epitaxial structure, and then the tempo-
rary substrate is removed to produce an LED having a vertical
structure and better performance. The other objective of the
present invention is to provide a high performance LED that
uses metal diffusion technology and wet chemical etching
technology to roughen the LED surface in order to improve
light extraction efficiency.

9 Claims, 6 Drawing Sheets

50
. 51
52 52 oy

20

s




U.S. Patent Aug. 24, 2010 Sheet 1 of 6 US 7,781,755 B2

[ 24
61
O2 ~ AN R T
GaP 60
v / v
FIG.1
(PRIOR ART)
N \
100

L0000~ 118

OO e
“T~—-120
7 4
FIG.2

(PRIOR ART)



U.S. Patent Aug. 24, 2010 Sheet 2 of 6 US 7,781,755 B2

GaAs
L A

" AAAAAAAAAAAA

NN AVAVAYAAVAVAYAAVA
W NNNNNNNNNNNNNYN

n-inAIP __—»

InGaAlP

p-InAIP
p-GaAs

p-GaAs

e L L

FIG.3

(PRIOR ART)



U.S. Patent Aug. 24, 2010 Sheet 3 of 6 US 7,781,755 B2

| A | GAIPA LA 41799,

AT~ 23
T~—22 20

~— 21

~—-10

FIG.4

40

'/{ ........ / /1 /7/ ...... /// ........................ Ay , ............... //\\/ 31

s (ISP II A s AL

FIG.5



U.S. Patent Aug. 24, 2010 Sheet 4 of 6 US 7,781,755 B2

T~—o21
“I~-22 520
40 “™~23
N 72777 7 Z|
e — > I~ 4
S~ D 2T IR TITTITIA N,
25
30—
T TT 777777777 7777777, %
32

FIG.6



U.S. Patent Aug. 24, 2010 Sheet 5 of 6 US 7,781,755 B2

50
52 51 52

! i <211

T~ 21
40 I~—-22 20
[ E LI TLILLS | TP LLLLL LS /Aﬁ\/ 23
S — — ™24
M B T \

25

30 N

THISIIIITIIS ST AL TITEY 7. 77
32

FIG.7



U.S. Patent Aug. 24, 2010 Sheet 6 of 6 US 7,781,755 B2

s




US 7,781,755 B2

1

LIGHT EMITTING DIODE BY USE OF
METAL DIFFUSION BONDING
TECHNOLOGY AND METHOD OF
PRODUCING SUCH LIGHT EMITTING
DIODE

RELATED APPLICATIONS

This application is a Divisional patent application of appli-
cation Ser. No. 11/636,557, filed on 11 Dec. 2006, now U.S.
Pat. No. 7,704,770. The entire disclosure of the prior appli-
cation Ser. No. 11/636,557, from which an oath or declaration
is supplied, is considered a part of the disclosure of the
accompanying Divisional application and is hereby incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to high-perfor-
mance light emitting diodes, and more particularly to a
method of using metal diffusion bonding technology as well
as surface treatment process to improve light extraction effi-
ciency.

2. Description of the Related Art

The MOCVD epitaxy technology has been applied in the
production of high brightness Group III-V light emitting
diodes (LEDs), which include aluminum indium gallium
phosphide (AllnGaP, wavelength range: 560 nm~650 nm)
LEDs and indium gallium nitride (InGaN, wavelength range:
380 nm~550 nm) LEDs. High brightness LEDs are employed
extensively in the areas of indicating lamps, traffic lights,
outdoors displays, special lighting, etc. The epitaxial growth
of AllnGaP LED is usually grown on lattice-matched GaAs
substrate in order to get good crystal quality. However, since
the energy bandgap of GaAs substrate is less than the emis-
sion energy of LED, at least half of the emitted light will be
absorbed by the light-absorbing GaAs substrate. Improved
performance can be achieved by eliminating this light-ab-
sorbing GaAs substrate. There are several techniques for
replacing this light-absorbing substrate by either a transpar-
ent substrate or an opaque substrate.

U.S. Pat.No. 5,376,580issued to Fred A. Kish, et al in 1993
disclosed a semiconductor light emitting diode structure and
manufacturing process as shown in FIG. 1, wherein a wafer
bonding was performed at a high temperature and a high
pressure (temperature >900° C., pressure >400 kg/cm?) to
bond the epitaxial LED layers 61 and the transparent GaP
semiconductor substrate 60. The light-absorbing GaAs sub-
strate can be removed either before or after the wafer bonding.
To reduce the resistance at the wafer-bond interface, Fred A.
Kish suggested that the bonding interface must have an InGaP
layer as a bonding layer 62. Such bonding method is usually
called fusion bonding. The fusion bonding process has the
following drawbacks: (1) after the removal of the GaAs sub-
strate, the remaining LED structure is very thin, e.g., ~50 um,
and therefore fragile and difficult to handle, so that it is
difficult to maintain the integrity of the bonded wafer or
achieve a high yield rate; and (2) it is necessary to align
precisely the lattice direction of LED structure and the per-
manent transparent substrate during the wafer bonding pro-
cess, otherwise the operating voltage of the LED will be high.

U.S. Pat. No. 6,797,987 B2 issued to Tzer-Perng Chen in
2003 disclosed a semiconductor LED structure as shown in
FIG. 2. Epitaxial structure 100 was grown on a temporary
light-absorbing GaAs substrate by MOCVD. Thereafter, an
ohmic contact metal 112 was formed on the p-type contact
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layer (GaAsP, AlGaAs or GaP). Then, a transparent conduct-
ing oxide layer 114 and a metal reflective layer 116 were
deposited for reflecting the light generated in the active layer
106. The transparent conducting oxide layer 114 also served
the function of conducting currents, so as to provide a vertical
LED chip structure. Further, a permanent substrate 120 such
as Si, AN, SiC, copper, or aluminum was bonded to epitaxial
structure 100 by using the bonding layer 124 such as Au—Sn,
Au—Si, Pb—Sn, Au—Ge, or In alloy. The principle is same
as soldering. During the heat up, when temperature reaches
the eutectic point or melting point of the metal alloy chosen,
the bonding layer 124 melted. When temperature cooled
down, the liquid metal alloy solidified, and bonded epitaxial
structure 100 to the permanent substrate 120. Since the bond-
ing layer 124 is melted during the pressurized bonding pro-
cess, the pressure applied for the bonding process must be less
than 15 kg/cm® to prevent the melted metal from being
squeezed out during the bonding process. Such bonding
method is called eutectic bonding. The eutectic points or
melting points of some commonly used metal bonding layer
are listed below:

Typical Eutectic Point or Melting Point

In 156° C.
Au—208n 276° C.
Au—3.28i 363°C.
Pb—61.9Sn 183° C.
Au—12.5Ge 381°C.

Usually, the eutectic bonding is categorized as a low-tem-
perature (Typ. <400° C.) and/or low-pressure (<15 kg/cm?)
watfer bonding. This method has the following drawbacks: (1)
Since this kind of eutectic reactions is fast, it is not easy to
control the thickness of the metal bonding layer after bond-
ing; (2) It is likely to produce an intermetallic compound
(IMC) which is a fragile material, and the IMC further dete-
riorates the bonding strength; and (3) The bonded wafer can
not go through a temperature higher than the bonding tem-
perature in the chip process steps following wafer bonding,
otherwise, the metal bonding layer will be affected. Further-
more, the bonding strength is not strong enough to survive the
long-term reliability test, which is essential for high bright-
ness LED.

U.S. Pat. No. 6,900,473 B2 issued to Shunji Yoshitake et al
in 2002 disclosed some manufacturing methods for roughen-
ing surface of LED epi-wafers as shown in FIG. 3. Most light
generated in the active layer of LED will be trapped inside
LED due to the difference of refractive indices between semi-
conductor LED material and air (or epoxy resin). The rough-
ened LED surface is capable of reducing the total internal
reflection between LED surface and air (or epoxy resin), and
thus, enhancing the light extraction efficiency of LED. In the
embodiments disclosed by Shunji Yoshitake, the roughened
LED surface is manufactured either by reducing V/III ratio
during the later part of the epitaxial MOCVD growth of upper
cladding layer or by thermal etch after epi-growth. However,
both methods cannot guarantee the uniformity of the surface
roughness. Such limitation makes the implementation of the
surface roughening process of AllnGaP light emitting devices
difficult.

SUMMARY OF THE INVENTION

Therefore, the primary objective of present invention is to
provide a manufacturing method of light emitting diode that
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utilizes metal diffusion bonding technology. AllnGaP light
emitting diode epitaxial structure on a temporary substrate
(GaAs) is bonded to a permanent substrate (such as GaP,
GaAs, and Mo, etc) having a thermal expansion coefficient
similar to that of the epitaxial structure, so as to produce an
LED having a vertical structure and better performance.

The other objective of the present invention is to provide a
high performance LED that uses metal diffusion technology
and wet chemical etching technology to roughen the LED
surface in order to improve light extraction efficiency.

In order to achieve the above mentioned objectives, a
method of producing light emitting diode by the metal diffu-
sion bonding technology comprising the steps of:

a) forming an AllnGaP LED epitaxial structure with a
thickness less than 20 pm on a temporary substrate, and the
LED epitaxial structure comprising a first confinement layer,
an active light emitting layer and a second confinement layer
sequentially deposited on the temporary substrate;

b) forming a patterned transparent insulating current block
layer on part of the top surface of the second confinement
layer;

¢) forming an ohmic contact metal layer on the transparent
insulating current block layer and the second confinement
layer;

d) providing a conducting permanent substrate with a
thickness of 75 pm~200 um, and the permanent substrate
having an ohmic contact metal layer deposited on both the
upper surface and the lower surface of the permanent sub-
strate;

e) using a metal diffusion bonding layer with a thickness
less than 5 pm on both AllnGaP LED epitaxial structure and
permanent substrate to perform the wafer diffusion bonding
between AllnGaP LED epitaxial structure and permanent
substrate under the following conditions: temperature of 400°
C.~700° C. and a pressure of 50 kg/cm>~500 kg/cm?;

) removing the temporary substrate; and

g) forming an ohmic contact metal layer on the first con-
finement layer of the semiconductor LED epitaxial structure,
and performing an annealing process at a temperature of 400°
C.~600° C. such that the ohmic contact metal is diffused into
the first confinement layer and formed discrete metal clusters
therein, and performing wet chemical etches to remove part of
the ohmic contact metal layer and some of the first confine-
ment layer, and then using an ultrasonic cleaner to remove the
etching residues to form a rough surface.

The light emitting diode produced in accordance with the
above-mentioned method includes:

a) a conducting permanent substrate formed on a second
conducting electrode;

b) an ohmic contact metal layer formed on the permanent
substrate;

¢) a metal diffusion bonding layer formed on the ohmic
contact metal layer;

d) an ohmic contact metal layer formed on the metal dif-
fusion bonding layer;

e) an AllnGaP semiconductor LED epitaxial structure
formed on the ohmic contact metal layer, a rough surface
being formed on the top of the first confinement layer of
semiconductor LED epitaxial structure;

f) an insulating transparent current block layer with special
pattern interposed between the ohmic contact metal layer and
the second confinement layer of AllnGaP semiconductor epi-
taxial structure to maintain the reflectivity and control current
flow; and

g) a composite electrode that consists of a center bonding
pad and a set of ohmic contacts of the first conducting type
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formed on a partial surface of the first confinement layer of
AllnGaP semiconductor epitaxial structure to ensure the cur-
rent flow path.

BRIEF DESCRIPTION OF THE FIGURES

FIG.11is a cross-sectional view of an LED of U.S. Pat. No.
5,376,580,

FIG. 2 is a cross-sectional view of an LED of U.S. Pat. No.
6,797,987,

FIG. 3 is a cross-sectional view of an LED of U.S. Pat. No.
6,900,473,

FIG. 4 is a cross-sectional view of a semiconductor epi-
taxial structure with the insulating transparent current block
layer and ohmic contact metal layer on top;

FIG. 5 is a cross-sectional view of a permanent substrate of
the present invention ready for bonding;

FIG. 6 is a cross-sectional view of the bonded wafer after
removing the temporary substrate according to the present
invention;

FIG. 7 is a cross-sectional view of a completed LED chip
by using a diffusion bonding process and surface roughing
process according to the present invention; and

FIG. 8 is an SEM picture of the roughened surface accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The AllnGaP semiconductor LED is, in general, grown on
the GaAs substrate. GaAs substrate is a light-absorbing sub-
strate that will absorb most of the light emitted from the active
layer toward the substrate. The present invention employs a
wafer bonding method to replace GaAs substrate with a per-
manent thermal and electrical conductive substrate. With the
disclosed chip structures, light from the active layer will be
reflected instead of absorbed by substrate. As a mechanical
support to the epi layers, the bonding quality plays a very
important role to the production yield. As a result, the chosen
bonding process dramatically aftects the cost of production.
The aforementioned “Fusion Bonding” provides an excellent
strength for the bonding interface due to its high bonding
temperature and high bonding pressure. However, it is rather
difficult to obtain a stable forward voltage with the above-
mentioned technology. It is possibly a potential barrier at the
bonding interface will be generated if these high temperature/
high pressure process conditions are not well controlled. On
the other hand, “Eutectic Bonding” is conducted at lower
temperature and lower pressure. However, the intermetallic
material formed by eutectic bonding, such as Au/Sn, is usu-
ally comparatively brittle. It draws concerns that the bonding
strength is not strong enough to survive the outdoor operating
environments.

The present invention employ “Diffusion Bonding™ that
will require a moderate bonding pressure (50~500 kg/cm?)
and bonding temperature (400~700° C.) to carry out the wafer
bonding process. Materials suitable for this process have a
melting point from 600° C. to 1400° C. For the processing
conditions, it is required to have a bonding temperature higher
than half of the melting point value of the selected material
and have a bonding pressure larger than 50 kg/cm? to main-
tain the perfect contact condition between two bonding mate-
rials. The resulted bonding strength of the interface will be
closed to bulk module of bonding metal. The bonding metal
can be selected from the following table.
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Melting Point Y2 Melting Point ~ Bulk Module
Bonding Material (T, °C) (T, °C) (GPa)
Copper (Cu) 1038 519 140
Silver (Ag) 962 481 100
Gold (Au) 1064 532 220
Aluminum (Al) 660 330 26

In addition to the above-mentioned pure metals used for
diffusion bonding, one can also selects these metals with
lightly doped Zn, Ge and Be, such as Au—Z7n, Au—Ge,
Au—DBe alloys, to lower its bonding temperature. Other Au
alloys are also suggested. The suggested bonding pressure
range is from 50 kg/cm?® to 500 kg/cm?.

After these two wafers of dissimilar material (epi wafer and
permanent substrate) are bonded, it is also required to form an
ohmic contact on the first confinement layer after the tempo-
rary substrate being removed. This ohmic contact is subjected
to a high temperature thermal annealing process, normally
400~600° C. Owing to the inconsistency of thermal expan-
sion coefficients between dissimilar materials, a high thermal
strain between the epi wafer and permanent substrate is cre-
ated. The active layer is very sensitive to the stress conditions
such that the residual stress level in the epi wafer should be
considered. The thickness of the permanent substrate, epi-
taxial structure 20, and metal diffusion bonding layer 40, are
generally from 75 um to 200 pm, less than 20 pum, and less
than 5 pm, respectively. By analyzing the thickness of each
layer, it is found that the main source of residual stresses
caused by the diffusion bonding process will come from the
mismatch of thermal expansion coefficients between the per-
manent substrate and epi layers. The stresses caused from the
diffusion bonding layer can be neglected because it is very
thin. By far, we can conclude that the CTE selection of per-
manent substrate plays a very important role to the reliability
issues.

The coefficients of thermal expansion o (CTE) for various
materials are listed in the following table.

Material ax 106K
Epitaxial structure (Layer 21~23) 5.5
GaP Substrate 5.8
Mo Substrate 4.9
GaAs Substrate 6.4
Si Substrate 2.6

As described in the table, the present invention recom-
mends that GaP, GaAs or Mo (molybdenum) can be used as
the permanent substrate. Although GaAs and Mo are light-
absorbing substrates, light from active layer can be reflected
by the mirror structure on top of permanent substrate to pre-
vent absorption. In consideration of CTE, both of them can
still be selected.

After the permanent substrate 30 and metal diffusion bond-
ing layer 40 are selected, the manufacturing method in accor-
dance with the present invention is described in the following
steps.

Referring to FIG. 4 for the manufacturing process of a light
emitting diode according to a preferred embodiment of the
present invention, an n-type gallium arsenide (GaAs) is used
as a temporary substrate 10. The material of the temporary
substrate 10 is not limited to GaAs. An AlInGaP semiconduc-
tor epitaxial structure 20 is formed onto the substrate 10 by
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the MOVCD process. In this embodiment, the semiconductor
epitaxial structure 20 includes an n-type first confinement
layer 21, an active light emitting layer 22 on the first confine-
ment layer 21, and a p-type second confinement layer 23
formed on the active light emitting layer 22. The first con-
finement layer 21 is preferably made of n-AllnGaP or
n-AllnP, and the second confinement layer 23 is preferably
made of p-AllnGaP or p-AllnP, and the active lighting-emit-
ting layer 22 is preferably made of AllnGaP. In another pre-
ferred embodiment, the active light emitting layer 22 is
formed by a traditional multiple quantum well (MQW) struc-
ture.

According to the FIG. 4, the embodiment of the current
invention has a design of vertical structure. It is required that
an ohmic contact metal layer 25 must be deposited on the
second confinement layer 23. Nevertheless, any high tem-
perature process condition applied on this ohmic contact
metal layer could destroy the reflectivity at the metal semi-
conductor interface. It is desired to insert a patterned insulat-
ing transparent layer 24 in-between the second confinement
layer 23 and ohmic contact metal layer 25. The material could
be selected from SiO,, Al,0;, or SiN, to prevent any damage
on the surface of the second confinement layer. Besides this
function, layer 24 also serves as a current blocking layer by
only covering the selected area. By this way, the current can
be spread out and the light emitted from active layer 22 can be
reflected effectively.

Referring to FIG. 5, a conducting permanent substrate 30 is
provided. The material of this substrate could be selected
from GaP, GaAs or Mo. The thickness could be in the range of
75~200 um. The permanent substrate consists of one ohmic
contact metal layer 31 on top surface of the substrate and the
other electrode 32 on bottom surface of the substrate for
current conduction.

Furthermore, a metal diffusion bonding layer 40 is depos-
ited on top of the ohmic contact metal layer 31. The material
of this metal diffusion bonding layer could be selected from
Au, Cu, Ag, or Al. In addition, the metal diffusion bonding
layer 40 could also be deposited on the surface of ohmic
contact metal layer 25 of the semiconductor wafer.

A diffusion bonding process is performed for the two
above-mentioned wafers under specific temperature condi-
tion (400° C.~700° C.) and pressure condition (50~500
kg/cm?®). The temporary substrate 10 is then removed from
the bonded wafers as shown in FIG. 6.

Referring to FIG. 7, a composite electrode 50 is formed on
top of the first confinement layer, i.e. the n-AllnGaP layer.
Composite electrode 50 consists of a bonding pad 51 in the
center and a set of ohmic contacts 52 of the first conducting
type surrounding and connected to the bonding pad. The
preferred embodiment will optimize the geometric shapes
and relative positions of both the ohmic contacts 52 and the
insulating transparent layer 24 to define a corresponding cur-
rent flow path. Thus, under normal operating condition, a
Schottky barrier is formed between bonding pad 51 and the
first confinement layer to provide good current blocking
effect. The injection current is fed into LED through ohmic
contacts 52 and then forced to flow horizontally into active
region by the transparent insulating current block layer 24.

However, the light generated from the active layer 22 emits
in all directions. In order to enhance the extraction efficiency,
another characteristic of the current invention is to increase
the surface roughness of the light-emitting surface (first con-
finement layer of the AllnGaP epi-structure). The procedure
is to perform the heat treatment (400° C.~600° C.) on the
bonded wafer with ohmic contact metal layer on the first
confinement layer. The ohmic contact metal could be Au-Zu,
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Au—Be, Au—Ge, or Au—Sn alloy. The ohmic contact metal
is diffused into the first confinement layer 21 (n-AllnGaP or
n-AllnP) and form discontinuous metal clusters. These metal
clusters act as micro masks while apply wet chemical etching
(with etching solution NH,OH:H,0,:H,0=2:1:5 or H,SO,:
H,0,:H,0=1:1:10) to the first confinement layer 21. These
metal clusters and etching residues can be removed by using
ultrasonic cleaner later. FIG. 7 shows the roughened surface
211. FIG. 8 shows the SEM image of this surface. By this
method, the brightness level can be increased up to 50%~70%
which is about twice effective than the traditional etching
method.

Therefore, the present invention applies diffusion bonding
technology by using specific bonding metal to bond two
different wafers together. Compared with “Fusion Bonding”
and “Eutectic Bonding”, diffusion bonding has the advan-
tages of better production yield and reliability, respectively.
This invention also develops a surface treatment process
based on metal diffusion and wet chemical etching to improve
light extraction efficiency.

Many changes and modifications in the above-mentioned
embodiments of the invention can, of course, be carried out
without departing from the scope thereof. Accordingly, to
promote the progress in science and the useful arts, the inven-
tion is disclosed and is intended to be limited only by the
scope of the appended claims.

What is claimed is:

1. A light emitting diode by using metal diffusion bonding
technology, comprising:

a) a conducting permanent substrate formed on a second

type of electrode;

b) an ohmic contact metal layer formed on the permanent
substrate;

c)ametal diffusion bonding layer with a thickness less than
5 um is formed on the ohmic contact metal layer;

d) a second ohmic contact metal layer formed on the metal
diffusion bonding layer;

e) an AllnGaP semiconductor LED epitaxial structure
formed on the second ohmic contact metal layer, a rough
surface being formed on the top of the first confinement
layer of semiconductor LED epitaxial structure;

f) an transparent insulating current block layer with special
pattern interposed between the second ohmic contact
metal layer and the second confinement layer of Alln-
GaP semiconductor epitaxial structure to maintain the
reflectivity and control current flow; and

g) a composite electrode that consists of a center bonding
pad and a set of ohmic contacts of the first conducting
type formed on a partial surface of the first confinement
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layer of AllnGaP semiconductor epitaxial structure to
ensure the current flow path.

2. The light emitting diode by using metal diffusion bond-
ing technology as recited in claim 1, wherein the conducting
permanent substrate is made from a material selected from a
group consisting of gallium phosphide (GaP), gallium ars-
enide (GaAs), and molybdenum (Mo), and wherein the con-
ducting permanent substrate has a thickness of 75~200 um.

3. The light emitting diode by using metal diffusion bond-
ing technology as recited in claim 1, wherein the metal dif-
fusion bonding layer is made from a material selected from a
group consisting of gold (Au), copper (Cu), silver (Ag), alu-
minum (Al), gold-zinc (Au—Z7n) alloy, gold-germanium
(Au—G@Ge) alloy, and gold-beryllium (Au—2Be) alloy, and
wherein the metal.

4. The light emitting diode by using metal diffusion bond-
ing technology as recited in claim 1, wherein the transparent
insulating layer is made from a material selected from a group
consisting of Si0,, Al,O; and SiN, series.

5. The light emitting diode by using metal diffusion bond-
ing technology as recited in claim 1, wherein the AllnGaP
semiconductor epitaxial structure has a thickness of less than
20 um, and wherein the epitaxial structure includes:

a) a first confinement layer of the first conducting type

formed on the surface of the temporary substrate;

b) an active layer formed on the surface of the first con-

finement layer; and

¢) a second confinement layer of the second conducting

type formed on the surface of the active layer.

6. The light emitting diode by using metal diffusion bond-
ing technology as recited in claim 5, wherein the first con-
finement layer is either n-type aluminum indium gallium
phosphide (n-AllnGaP) or n-type aluminum indium phos-
phide (n-AllnP).

7. The light emitting diode by using metal diffusion bond-
ing technology as recited in claim 5, wherein the second
confinement layer is either p-type aluminum indium gallium
phosphide (n-AllnGaP) or p-type aluminum indium phos-
phide (n-AllnP).

8. The light emitting diode by using metal diffusion bond-
ing technology as recited in claim 5, wherein the temporary
substrate is n-type gallium arsenide (n-GaAs).

9. The light emitting diode by using metal diffusion bond-
ing technology as recited in claim 1, wherein the composite
electrode includes a bonding pad in the center and a set of
ohmic contacts of the first conducting type surrounding and
connected to the bonding pad.
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